Quality problem: Safe and efficient blood glucose (BG) level control after cardiac surgery relies on an intensive care unit (ICU) team-based approach, including implementation of a dynamic insulin therapy protocol (ITP). Long-term compliance with such a complex protocol is poorly addressed in the literature. The aim of this study was to assess the long-term compliance of nurses with the ITP, 7 years after its implementation in the ICU. Initial assessment: A professional practice evaluation, integrated in a process of quality improvement program, was retrospectively conducted on 224 consecutive cardiac surgery patients over a 6-month period (PHASE 1). The timing of BG measurements and the insulin infusion rate adjustments (primary endpoints) were correctly performed according to protocol requirements in 35 and 53% of the cases, respectively. Choice of solution and implementation: After systemic analysis of the causes of protocol deviations, four corrective measures aiming at improving both physician and nurse adherence to the protocol were implemented in the ICU. Evaluation: Evaluation of 104 patients in PHASE 2 showed a significant improvement in both the timing of BG measurements (83 %, P < 0.001 vs. PHASE 1), and insulin infusion rate adjustments (76%, P < 0.001). Lessons learned: Seven years after the implementation of a dynamic insulin infusion protocol, major protocol deviations were observed. Identification of several causes after a professional practice evaluation and the implementation of simple corrective measures restored a high level of nurse compliance.
Introduction
Perioperative hyperglycemia is a common condition that increases morbidity and mortality after cardiac surgery [1, 2] . In the early 2000's, tight blood glucose (BG) control by using an intravenous insulin infusion was reported to improve the prognosis of these patients [3, 4] . Since then, serious safety concerns emerged as intravenous insulin therapy was shown to produce a risk for severe iatrogenic hypoglycemia [5] [6] [7] . For meeting the recently recommended perioperative BG level target of 8.2 mmol.l −1 while avoiding severe hypoglycemia, a collaborative, team-based approach is required [8] .
Such an approach is complex as it relies on the implementation of an insulin therapy protocol (ITP) that includes: (1) close monitoring of BG; (2) use of continuous intravenous insulin infusion and (3) dynamic adaptation of the insulin infusion rate [8] .
Compliance with the protocol by both medical and nurse staff is one of the main determinants to consider aiming to ensure the same conditions of safety and efficacy for each patient [9] . Several factors were reported to be a hindrance to the maintenance of a high level of protocol adherence, such as caregiver turnover, institutional restructuring, loss of awareness and/or heavy workload [10, 11] . The lack of compliance to ITP in ICU was identified as the most frequent medical error in ICUs [12] . Some standardized tools have been developed to assess compliance with quality management strategies in hospitals [13] , but the long-term compliance of both medical and nurse teams with complex therapy protocols has not been described.
A dynamic ITP based on Goldberg et al. [14] protocol was implemented in our Cardiac Surgery Intensive Care Unit (ICU) in 2006 [15] . This protocol respects all the criteria mentioned in the international guidelines for the management of hyperglycemia in critically ill patients [8] . An evaluation was performed in the early phase of its implementation. It showed the efficacy of the protocol to control BG levels throughout the ICU stay, and a very low incidence of hypoglycemia [15] . At this time, the nurse adherence to the protocol was 72% in the timeframe of BG measurements and 82% in the change of the insulin infusion rates, performed according to the ITP. The aim of the study, was to assess the long-term compliance with the ITP used in our Cardiac Surgery ICU, 7 years after its implementation, in a 2-phase professional practice evaluation, integrated into the process of quality improvement program (QIP).
Methods

Ethics
The study was carried out with the ethical standards outlined in the Helsinki Declaration of 1975. The study was approved by the local ethics committee and by the national authority for the protection of privacy and personal data. In accordance with national bioethics law, all patients at admission received written information, explaining that their medical data could be included in an analysis for research purpose and how to refuse it. As all data collection measurements were part of the routine management of the patients and the confidentiality of the data was preserved, the requirement for informed consent was waived.
Design of the study
In 2006, a dynamic ITP managed by nurses was implemented in the Cardiac Surgery ICU to control early postoperative BG levels after cardiac surgery. A short-term evaluation of both its safety and efficacy was conducted, 6 months after its implementation, and was published elsewhere [15] . In 2014, an evaluation of the protocol was decided as a part of the Institutional QIP. This evaluation was conducted in a 3-step approach:
• The first step (PHASE 1), built as a professional practice evaluation, consisted of a retrospective charts review of all consecutive patients who underwent cardiac surgery from December 2012 to May 2013 to assess the compliance to the ITP. Data collected and endpoints of this evaluation are described below.
• In the second step, a systemic analysis was conducted according to the process, structure and outcome dimensions of assessment in quality improvement strategies, previously described in the literature [16, 17] . Based on this analysis, hypotheses were made on factors in each dimension leading to protocol deviations, and corrective measures were proposed and implemented.
• The third step (PHASE 2) consisted of a second chart review, planned from January to March 2015, using the same methods as in PHASE 1.
Insulin therapy protocol
The ITP used in our Cardiac Surgery ICU is based on the Goldberg et al. [14] protocol and has been previously published elsewhere [15] . Briefly, the protocol uses three parameters to adjust the rate of insulin infusion: the current BG value, the previous BG value and the current rate of insulin infusion. Endpoints and data collected during PHASE 1 and PHASE 2 of the study Demographics data and patient characteristics were extracted from medical files. All BG values and all insulin infusion rates were collected from arrival at the operating room to the 48 th postoperative hour or initiation of oral feeding, whichever occurred first. Protocol compliance to the ITP was assessed using a standardized form. Each insulin infusion rate was considered to be: (1) correctly adjusted; (2) inappropriately decreased; (3) inappropriately unchanged (4) or inappropriately increased. The timing of each BG measurement was collected to check whether the timeframe of the protocol was respected. The ICU nurse sheets included one box per hour to report the BG values measured. The timeframe of BG checking was considered to be respected when a BG value was mentioned in the corresponding box.
The primary endpoints were the proportion of correctly adjusted insulin infusion rate and the percentage of correct timing of BG checks. Secondary endpoints were: the number of BG values measured, the mean BG value, the mean total dose of insulin infused, the percentage of BG values within the target range 5.5-7.7 mmol.l ). The glycemic variability was assessed by the BG standard deviation and the coefficient of variability (CV = (BG standard deviation * 100) / mean BG value, expressed in percentage) of all BG values measured within 48 h after the incision. Hyperglycemic and hypoglycemic events occurring after an inappropriate adjustment of the insulin infusion rate and/or after the lack of compliance to the timeframe in BG measurement were considered as being related to a deviation from the ITP.
The occurrence of the following complications within 30 days after surgery was collected from medical records: atrial fibrillation, stroke, acute renal failure requiring dialysis, postoperative pack red cell transfusion, deep sternal wound infection and death. The length of stay in the ICU and in the hospital after surgery was recorded.
Statistical analysis
The Shapiro-Wilk test has been used to check whether the quantitative data recorded in each phase was normally distributed or not. Normally distributed data are presented as mean ± standard deviation, non-normally distributed data as median [interquartile range], and qualitative data as a number of patients (percentage). Comparison of data recorded during the PHASE 1 and PHASE 2 of the study was performed by using the Student's t-test and the Mann-Whitney U-test for normally and non-normally distributed quantitative variables respectively, and by using the Chi-square test for qualitative variables.
Statistical analyses were performed using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA). All P-values are two-sided and P < 0.05 was considered statistically significant.
Results
PHASE 1 of professional practice evaluation
Two hundred and twenty-four consecutive patients' charts were analyzed in PHASE 1 of the study. Baseline characteristics of the population are given in Table 1 . Sixty-four (29%) patients in PHASE 1 had a past medical history of diabetes mellitus, and 14 (22%) patients were treated with subcutaneous insulin therapy.
The rate of correctly adjusted insulin infusion rate and the percentage of correct timing of BG checks were 53% and 35%, respectively. Data on compliance with the ITP are presented in Table 2 . Most of the hyperglycemic episodes occurred following deviation to the ITP (Table 2) .
Systemic analysis of PHASE 1 and proposals for improvement
The following systemic factors were identified as potential source of protocol deviations observed during the PHASE 1: (1) process dimension: BG was checked at the same timeframe as the other parameters (such as urine output or surgical drain volume), regardless of the stability of the BG level; (2) structure dimension: a great part of the nurses and the physicians has been renewed since the ITP has been implemented and (3) outcome dimension: nurses and physicians were no longer sufficiently aware of the challenge that represents BG control to improve the outcome of cardiac surgery patients. According to this analysis, the following four corrective measures were taken: (1) interest of BG control was reminded, and results of the analysis of the professional practices were presented to the Cardiac Surgery ICU healthcare teams; (2) both medical staff and attending nurses were asked to check the quality of BG control during the daily medical visit at the bedside of the patients; (3) in order to attract nurses' attention to the ITP, a colored poster available in each Cardiac Surgery ICU room replaced the current black and white paper form and (4) definition of a stable BG level was renewed, then considered when 12 consecutive BG values were within the target range. This was decided to favor dissociation between the timing of the BG monitoring from the timing of other clinical parameters.
PHASE 2 of professional practice evaluation
One hundred and four consecutive patients' charts were analyzed in PHASE 2. Baseline characteristics of the patients are given in Table 1 . The comparison of the compliance with the ITP between the PHASE 1 and the PHASE 2 is presented in Table 2 . The rate of correctly adjusted insulin infusion rate (76%, P < 0.001) and the percentage of correct timing of BG checks (83%, P < 0.001) were significantly higher during the PHASE 2 ( Table 2 ). The number of BG values measured per patient and the number of insulin infusion rate adjustments made per patient significantly increased from 17 [14] [15] [16] [17] [18] [19] , P < 0.001) and the mean total dose of insulin infused significantly higher (15 [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] vs. 21 [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] IU, P < 0.001) during the PHASE 2 than during the PHASE 1. The percentage of BG values within the target range was significantly higher during the PHASE 2 (42 [27-54] vs. 52 [42-66] %, P < 0.001). Sixty-one (27%) and 57 (55%) patients spent at least 50% of the first 48 postoperative hours within the target range during the PHASE 1 and the PHASE 2, respectively (P < 0.001).
A moderate hypoglycemia was observed in 4 (2%) and 1 (1%) during the PHASE 1 and PHASE 2, respectively (P = 1.00). None of the patients during the PHASE 2 compared with 1 (0.5%) patient during the PHASE 1 underwent a severe hypoglycemic episode. A severe hyperglycemia was observed in 113 (50%) and 35 (34%) patients during the PHASE 1 and the PHASE 2, respectively (P = 0.004).
The glycemic variability was significantly lower during the PHASE 2 (CV: 20 [17] [18] [19] [20] [21] [22] [23] [24] [25] vs. 22 [19] [20] [21] [22] [23] [24] [25] [26] Table 3 .
Discussion
Our study showed that 7 years after the implementation of a validated ITP, deviations both in adjustment of the insulin infusion rate and in timing of BG checks were observed. The introduction of few simple corrective measures after systemic analysis of the results was efficient to improve the compliance with the protocol and to restore its efficacy.
Sustainability of in-hospital quality improvement interventions, including implementation of complex therapy protocols or evidencebased guidelines, is a challenge highlighted by several authors [18] [19] [20] . However, our study is the first to our knowledge to evaluate long-term (several years) compliance to an ITP used in routine clinical practice by the nurses. PHASE 1 analysis showed an important deviation as compared to the evaluation done 1 year after implementation of the ITP in our ICU. Although these results were close to those reported for ITP short-term compliance in previous studies [9, [21] [22] [23] [24] , they are unsatisfactory.
Several hypotheses could be raised to explain such deviations to the protocol. First, the implication of the nurse team in the protocol implementation process is a key factor of its efficacy and safety that favorably influences nurse adherence to its constraints. In the last 7 years, the turnover of both nurses and practitioners have led to the renewal of a great part of the caregivers who first initiate the use of the ITP. Second, such a protocol represents a significant workload for nurses, described by many authors as the price to pay for an efficient BG control [10, 11] . We observed that both physicians and nurses were no longer sufficiently aware of the challenge that represents BG control to improve the patient's outcome. This point was corrected by regular medical meetings giving and presentation on this topic and by daily medical visits at the bedside of the patients. This is in accordance with the study of Dubois et al. [25] that showed that team organization that reflects stronger support for nurses' practice was associated with better patient safety outcomes. Third, one of the most frequent protocol deviations in the study PHASE 1 was the nonobservance of the BG checks timing, performed by nurses every 3 h rather than hourly. This could be explained by confusion between stable BG levels and stable clinical status of the patient, i.e. a patient with no evident sign of health impairment. It led the nurses to measure BG level at the same time when recording other clinical parameters. To point out the proper timing of BG measurements, the definition of stable BG level was modified, and 12 consecutive BG values within the target range were then required to allow an increase in the timeframe of BG checking from 1 to 3 h. At last, the black and white paper form of the ITP was replaced by a colored poster, displayed in each room. This was reported by Kramer et al. [26] to simplify the use of an ITP, and to increase the nurse acceptance of the constraints of the protocol. The introduction of all these measures allowed reaching 83% and 76%, respectively, of BG measurements and insulin infusion rate adjustments correctly performed, similar to data previously published. Another way to improve compliance described by some authors is using simpler [27] or computerized ITP [28] or implementation of multifaceted safety programs to prevent insulin errors in ICU [29] . Whatever the method used, our results suggested that special attention should be paid to help the teams to make the daily used of the protocol them again. Finally, the challenge to address the lack of reliability in the application of such a complex protocol is not to make the staff work harder but work better. This included awareness of the staff regarding the importance of protocol application for patients' outcome, nurses training for daily use of the protocol, and nurses and physicians information sharing on BG control at the bedside of the patients.
A poor perioperative BG control [1, 3, 30] was reported to affect patient outcome after cardiac surgery and strategies improving BG control appeared to reduce the global costs of healthcare despite increasing nurse workload [31] [32] [33] . Despite the major deviations to ITP observed in PHASE 1, the rate of complications within the first 30 postoperative days has not been significantly modified by the introduction of the corrective measures between the PHASE 1 and the PHASE 2, and the real clinical impact of the protocol deviations remains difficult to assess. Moreover, the cost-effectiveness of the corrective measures could not be ascertained as the present study was not designed to test this hypothesis.
Limits of the study
Because of the retrospective nature of the study, the difference between the rate of severe hyperglycemia between the PHASE 1 and the PHASE 2, mainly due to protocol deviations, could have been underestimated. As the timeframe of BG checking was deeply altered in PHASE 1, several episodes of increase of BG values >11 mmol.l −1 could have been missed. The lack of increase in the risk of hypoglycemia in the PHASE 1 could be explained by the fact that most of the deviations in the adaptation of the insulin infusion rate were an insufficient increase or excessive decrease (data not shown).
The study design did not allow to determine the evolution of compliance to the protocol over the 7 years of protocol implementation in the cardiac ICU. However, our results showing an important alteration in compliance after a long period of daily use of the protocol suggested that a study designed to assess evolution over time of compliance to complex protocols could be interesting.
As this study was only conducted in our Cardiac Surgery ICU, the reason for non-adherence to ITP could differ from other ICU, and the efficacy of the correctives measures could not be ascertained in other hospitals. Nonetheless, the incidence and the type of protocol deviations observed during the PHASE 1 are similar to previously published data [9, [21] [22] [23] [24] . Even if neither the medical team nor the nurses have been informed of the timing of the two phases of the study, it could not be excluded that part of the improvement in the nurse adherence could be related to their awareness to be observed and evaluated after the implementation of the corrective measures. Therefore, the long-term impact of the corrective measures on nurse adherence has not been assessed.
Conclusion
This study shows for the first time that 7 years after its implementation, the efficacy of an ITP, well-known and daily used by the team of a cardiac surgery ICU, have been jeopardized by several protocol deviations. The identification of several causes for these alterations after a professional practice evaluation and the implementation of simple corrective measures has enabled a significant improvement and restored a high level of nurse compliance. Further investigations are needed to specifically address the determinants of nurse compliance to the protocol of care. These results suggest that the question of sustainability of compliance should be addressed at the time of therapy protocol implementation and additional strategies to improve the sustainability of quality interventions are needed.
